DNA barcoding of United Arab Emirates (UAE) native plants is of high practical and scientific value as the plants adapt to very harsh environmental conditions that challenge their identification. Fifty-one plant species belonged to 22 families, 2 monocots, and 20 eudicots; a maximum number of species being legumes and grasses were collected. To authenticate the morphological identification of the wild plant taxa, rbcL and matK regions were used in the study. The primer universality and discriminatory power of rbcL is 100%, while it is 35% for matK locus for these plant species. The sequences were submitted to GenBank; accession numbers were obtained for all the rbcL sequences and for 6 of matK sequences. We suggest rbcL as a promising barcode locus for the tested group of 51 plants. In the present study, an inexpensive, simple method of identification of rare desert plant taxa through rbcL barcode is being reported.
Introduction
The UAE is a dry land, covered with wadis, waterless riverbeds, sand dunes, plains, and mountains. Diverse flora and fauna exist in the desert, the diversity of which is due to phyto-geographical variations of the desert. Identification of UAE native plant and animal species is vital for preservation as well as developing biodiverse resources. Relying solely on morphological characteristics of plants for taxonomic classification is difficult due to geographical variations and it mandates specialized taxonomists (Chase and Fay 2009 ). Under such situations, identification of plant taxa even from a small part of tissue from any geographical location is possible with the aid of barcoding regions, suggested by Consortium of Barcode of Life (CBOL) in 2009. Besides, DNA barcoding and genomics share an emphasis on largescale genetic data acquisition that offer new answers to genotypic and phenotypic questions beyond the reach of the traditional taxonomic disciplines.
Ideally, a DNA barcode consists of a standardized short sequence of DNA (400-800 bp) that, in principle, can be easily generated and would be unique for every species on the planet. The most commonly used barcode for animals is a small region in cytochrome oxidase gene (COI) in the mitochondria. However, for plants, many plastid sequences Lina Maloukh and Alagappan Kumarappan are co-first authors.
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have been studied and validated, and were recommended as possible barcode loci (Kress et al. 2005; Chase et al. 2007; Ford et al. 2009; Pennisi 2007) . A pair of such recommended sequences are segments of two plastid genes, ribulose-1,5bisphosphate carboxylase/oxygenase large subunit (rbcL), and maturase K (matK). These two sequences have been adopted as standard plant DNA barcodes by the international body of the Plant Working Group (PWG) of the Consortium for the Barcoding of Life (CBOL 2009). Universal primer sequences designed by CBOL were used successfully for identification and authentication of some international as well as regional plant species; which are tried as precedence for the present plant taxa.
DNA barcoding, a two decade old science reviewed extensively (Pecnikar and Buzan 2013; Ali et al. 2014) , has applications in many branches of science other than identification of organisms plants/animals. Some of the applied areas of barcoding are recognizing insect-host relationship (Jurado-Rivera et al. 2009 ), analyzing the diet of herbivores (Valentini et al. 2009; Staudacher et al. 2011; Stech et al. 2011) , scrutinizing the components of herbal medicines (Srirama et al. 2010) , food products (Jaakola et al. 2010 ) and in ecological forensics to identify the plant from a small tissue of root, or seedling or cryptic life stages (e.g., of fern gametophytes) and endangered species.
The plant taxa of UAE include salt, heat, and drought tolerant, and some of which are medicinally important (Sakkir et al. 2012 ); there are no barcoding studies reported on such plant taxa so far. In an attempt to develop barcode for some of the natural flora of UAE, plants were collected from three Emirates which have different bioclimatic zones. Dubai and Umm Al-Quwain are hotter and with iron rich red/ blue colored soils, while Fujairah is cooler, mountainous with black colored soils (Basha et al. 2015) . In Dubai Emirate, plants were collected from three regions, viz., Mushrif park where the natural flora of Dubai are retained and also from urbanized regions Al twar and Al Quasais where the Experimental school University of Modern sciences (UMS) is located. We made an endeavor to identify and authenticate plant species collected from these five regions in UAE and evaluated the potentiality of plastid rbcL and matK regions for possible barcoding. This is the first report on DNA barcoding, which facilitates species-level taxonomy of known and unknown species of UAE.
Materials and methods

Plant sample collection
A total of 51 plants were randomly collected from five geographical locations and also on the way to Fujairah from the University; the sample collection included 20 medicinally important plant species ( Fig. 1 , Supplementary Table S1 ). The collected plant samples were placed in zip lock plastic bags containing silica gel with sample ID until they are transported to the laboratory and kept in freezer (-80°C) for further analysis. A part of the twig is prepared for herbarium, which is referred for plant identification and not for DNA extraction. The plants were identified based on the morphology referring to different books (Karim et al. 2013; Jongbloed 2003; Bolus 2000) and were assigned to the respective families.
DNA extraction, PCR amplification, and sequencing success
Total genomic DNA of plant samples were extracted using Plant/Fungal DNA extraction kit (Norgen Bioteck, Canada) and DNA was preserved at -20°C for further analysis. The target DNA regions, namely rbcL and matK, were amplified with respective universal DNA barcoding primers (CBOL 2009). For rbcL gene, rbcLa-F: 5 0 -ATGTCACCACAAA-CAGAGACTAAAGC-3 0 and rbcLa-R: 5 0 -GTAAAAT-CAAGTCCACCRCG-3 0 ; for matK gene, and matK-KIM1R: 5 0 -ACCCAGTCCATCTGGAAATCTTGGTTC-3 0 and matK-KIM3F: 5 0 -CGTACAGTACTTTTGTGTTTACGAG-3 0 were used. PCR was performed using a reaction mixture of a total volume of 50:25 ll of Taq PCR Master Mix (Norgen Biotek, Canada), 22 ll distilled water, 1 ll forward primer (10 lM), 1 ll reverse primer (10 lM), and 1 ll of the DNA template (50-80 ng/ll). The PCR conditions were as follows: 1 cycle (94°C for 3 min), 35 cycles (94°C for 1 min, 55°C for 1 min, and 72°C for 1 min), and 1 cycle 72°C for 7 min. Amplified PCR products of rbcL and matK were checked on 1.5% agarose gel electrophoresis for the respective bands (600 and 900 bps) which were sent to Macrogen (Seoul, South Korea) for DNA sequencing.
Sequence alignment and data analyses
The obtained forward and reverse sequences were aligned using online pairwise alignment tool and were submitted to NCBI BLAST, (www.ncbi.com) and/or BOLD. The query sequences were identified considering E value a \1 9 10 -5 and maximum hits (99 or 100%) with a species in the reference database. In addition to BLAST, MEGA 6 (Tamura et al. 2013 ) was used for phylogenetic tree analysis employing Neighbor-Joining (NJ) method (Saitou and Nei 1987) .
Results
Taxonomical identification
The collected 51 plants from the five regions ( Fig. 1) were identified based on morphology and floral structures referring to the text books (Jongbloed 2003; Bolus 2000) , and research papers (Karim et al. 2013 ) were assigned to the respective families (Fig. 2) . The collected flora belonged to 22 families; maximum number of species belonged to Poaceae and Fabaceae ( Supplementary Table S1 ). Although Poaceae has maximum number of plants in the collection (&18%), it does not reflect the actual distribution of the flora of the areas, as the samples were mostly collected after a shower of rain enabling the seeds to germinate and grow; while among legumes, the collected plant samples were mostly trees except Hippocrepis comosa. Thirteen families are represented each by a single species. Euphorbia larica is being reported for the first time from UAE ( Supplementary Fig. S1 D) .
Plastid rbcL: DNA extraction, PCR amplification, and sequencing
The standard extraction protocol suggested by Norgen, Bioteck worked for 100% (50 of autotrophs ?1 parasite) plants. Amplification of rbcL yielded PCR products for all the taxa. The generated query sequences of 51 plants were matched with the reference sequences in BLAST (Altschul et al. 1990 ) and BOLD (Ratnasingham and Hebert 2007) . The query sequences of 51 plants were identified up to species level with 99 or 100% in either of the algorithms. The identification success was equally good for 11 monocots and 40 eudicots using rbcL locus. The present study included five genera from five families, viz., Prosopis (Fabaceae), Euphorbia (Euphorbiaceae), Amaranthus (Amaranthaceae), Calligonum (Polygonaceae), and Zygophyllum (Zygophyllaceae), each represented by two species; could be resolved to individual species (Fig. 2) . The plant taxa collected from different areas with different morphologies assumed to be different species were identified as varieties of the same species through sequence alignment, Portulaca oleracea and Setaria verticillata ( Supplementary Fig S1A-C) . Euphorbia larica, a new plant from UAE, is being reported for the first time; a few more plant sequences of UAE natives Zygophyllum qatarense, Caroxylon imbricatum, Caligonum comosum, and Stipagrostis plumosa are deposited in GenBank; accession numbers were obtained for the respective plant species (Fig. 2) . Fig. 2 Molecular phylogenetic analysis using rbcL for 51 taxa by maximum-likelihood method: the evolutionary history was inferred using the neighbor-joining method based on Tamura et al. (2013) . The optimal tree with the sum of branch length = 1.31,846,941 is shown. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite Likelihood method and are in the units of the number of base substitutions per site. The differences in the composition bias among sequences were considered in evolutionary comparisons. The analysis involved 51 nucleotide sequences. Codon positions included were 1st ? 2nd ? 3rd ? Noncoding. All ambiguous positions were removed for each sequence pair. There were a total of 620 positions in the final data set. Evolutionary analyses were conducted in MEGA6 Plastid matK: DNA extraction, PCR, and sequencing
The set of matK primers amplified only 35.29% (18/51) of the tested plant taxa. The failure of amplification in more than half of the plants is not due to the poor quality of the extracted DNA, which were amplified 100% with rbcL primer set. When the matK sequences were aligned with the reference sequences in NCBI and/BOLD, only 27.45% (14/51) resulted in correct species identification; four of the query sequences mis-matched: 1. Zygophyllum qatarense with Z. rosowii or Z. fabago, 2. Sporobolus spicatus with S. cryptandrus and Salsola inermis with Salsola kali and Lycium europaeum with Lycium barbarum. For these four plants, matK algorithm is not able to identify the species due to the absence of species specific unique regions. The idea that the plant is a hybrid of the two species can be negated as the same plant was correctly identified with rbcL marker that corresponded with the morphological description. The matched sequences were submitted to Bankit and accession numbers were obtained only for six plant taxa-Phoenix dactilifera (KU204814), Aerva javanica (KU 204823), Ziziphus spina Christi (KX015722), Prosopis juliflora (KX015723), Azadirachta indica (KX015724), and Albizia lebbeck (KX015728).
Phylogenetic tree: Families and clustering
The phylogenetic tree was constructed using Neighbor-Joining method and the evolutionary distances were computed employing maximum composite likelihood method. The collected plant taxa were grouped into monocots and eudicots. Monocots represented a monophyletic clade, included sub-division commelinids that contained two families, Poaceae and Arecaceae. The eudicots included plant taxa that are grouped into three subdivisions, viz., rosids, asterids, and superasterids that contained the remaining 20 families. Those families that are represented by two species/family such as Amaranthaceae, Polygonaceae, Zygophyllaceae, Euphorbiaceae, and Fabaceae were grouped into clades, while the remaining families were each contained only one representative species which were as monophyletic group (Fig. 2) . Cuscuta campestris is a parasitic plant and its family is arranged as an out group (Fig. 2) .
Discussion
Plastid rbcL
In this study, we tested the potentiality of plastid rbcL region as a barcode for 51 UAE native plant species.
Identification using rbcL region matched with morphological identification 100% to species level; it appears to be an accurate estimate of species identification with this single locus for the group of tested plants. Universal bar code should possess three characteristics, short sequence, universality, and unique identifiers (Stoeckle 2003) , which was more applicable to algae than to land plants due to the absence of variable identifiers (Presting 2006) . So far, single barcode region suitable to all plant taxa is not reported (Ballardini et al. 2013) ; different barcodes are successful to different taxa, for example, rbcL locus for palmae (Naeem et al. 2014; Bafeel et al. 2012) ; ITS for Asteraceae (Gong et al. 2015) ; multiple loci, ITS ? rpoB and rpoC1 for Resedaceae ; rbcL ? matK for flora of South central Ontario, Canada (Burgess et al. 2011) , and rbcL ? matK ? trnH-psbA for Arecaceae (Yang et al. 2012) . Morphological identification of grasses is difficult because of their reduced reproductive structures and rbcL ? matK were used to resolve ambiguous species (Awad et al. 2015) . Nevertheless, in the present study, 10 Poaceae genera could be resolved with rbcL region alone. Our study although is of small sample size, the members span across 22 families, including diverse orders Asterales, Caryophyllales, Zygophyllales, Malphigiales, and commelinids in which rbcL is well conserved locus enabling authentication of species identification.
Plastid matK
In the current investigation, matK amplified 35% of the taxa and, among those, identified only 27% species correctly. This indicates nucleotide substitutions in the annealing sites and also in the remaining amplified region. Low amplification of matK locus is not unique to the present desert plants, but was also reported to other arid plants (Bafeel et al. 2011 ), angiosperms (Kool et al. 2012 and gymnosperms (Saas et al. 2007 ). The failure of matK amplification in plant taxa could be due to the large size of the amplification product (&900 bps) that is liable to degradation (Fazekas et al. 2012) ; or due to nucleotide variations as single-nucleotide substitutions that prevent PCR amplification (Bru et al. 2008) . Our study with 27% species resolution is in accordance with nucleotide substitutions. An ecotype of Caroxylon imbricatum collected from Saudi Arabia yielded an amplicon [900 bps with the primer set matK-A-matK-2.1F and matK 5R (Bafeel et al. 2011) , while the UAE cultivars yielded appropriate band (900 bps) with a different set of primers (MatK-KIM1R and KIM3F). Although other sets of primers have not been tried, we recommend this primer set a suitable primer for amplification of matK region for this species. MatK region has high rate of nucleotide substitutions (Hilu et al. 2003) or restructuring of the locus (de Groot et al. 2011) probably alternate primer sequences may improve the success rate of matK amplification for some of the present taxa, hence as barcoding locus. However, the species in which the matK region is amplified had a broad taxonomic coverage including families Rhamnaceae to Poaceae, indicating that the conserved sequence of the locus is noteworthy.
It can be deduced from the obtained data that between the two loci, rbcL region is more stable and conserved than matK locus for the tested taxa. Multiple barcode loci were suggested for proper discrimination of species that would minimize interspecific sharing of sequences ), supplementary barcode loci trnH-psb-A and nuclear ITS were tried for a few plant taxa, and the amplification of former yielded multiple bands and of the latter did not discriminate species, (data not shown). The results are encouraging, which provide a backbone of information in the data set; further studies for species resolution of a genus can be carried as and when more species are available.
Phylogenetic tree: families and clustering
In the present study, partial amplification sequences of rbcL were further used to understand the evolutionary linkage of the collected UAE plants. Using neighborjoining method, the evolutionary distances for the 51 plant species were distinguished into individual clades, which are consistent with molecular classification of Angiosperms (APG IV 2016). Neighbor-joining method is reported to discriminate most of the species better compared to other methods (de Vere et al., 2012) . Our study included many genera from different families, and only two species/genus in five taxa. Three varieties of Portulaca oleraceae, morphologically different (Fig. S1 ), were identified as the same species; in the phylogenetic tree, they were closely arranged but distinguished (Fig. 2) . Also the species of the genera Caligonum, Zygophyllum, and Euphorbia are well resolved in the phylogenetic tree without overlaps; inferring that the rbcL locus could be used to assess the evolutionary linkage of the collected samples.
Conclusions
Plastid rbcL stands as a promising barcode locus for the group of 51 UAE native plants, based on the assessments of recoverability, good sequence quality, universality, and high levels of species discrimination. Plastid matK region has more nucleotide substitutions, which evolves faster than rbcL region among the tested UAE local plants. Between the two bar coding regions, rbcL is better conserved hence the preferred code, which resolved diverse taxa that belonged to 22 families including monocots and eudicots, which is an easy-to-use inexpensive identification system that would enable non-experts to identify these rare desert species.
